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Introduction: Diffuse Large B-Cell Lymphoma (DLBCL) is the most common
subtype of Non-Hodgkin Lymphoma (NHL), with 20-40% of patients
experiencing poor outcomes despite advancements in treatment. While
Metabolic Syndrome (MetS) has been linked to NHL prognosis, its impact on
DLBCL outcomes remains unclear.

Methods: This study examined the effects of dynamic changes in MetS
components on DLBCL treatment outcomes and prognosis. We retrospectively
analyzed 125 newly diagnosed DLBCL patients treated with 6-8 cycles of CHOP
(cyclophosphamide, doxorubicin, vincristine, and prednisone) or CHOP-like
regimens, with or without rituximab, from May 2010 to May 2022. Group-
based trajectory models were used to identify MetS component trajectories.
Multivariate logistic regression and Cox proportional hazards regression were
employed to determine factors affecting complete remission (CR), progression-
free survival (PFS), and overall survival (OS).

Results: The 2-year PFS and OS rates were 70.0% and 82.0%, respectively. High
baseline high-density lipoprotein cholesterol (HDL-C) was associated with
reduced progression risk (HR = 0.27, 95% Cl: 0.10-0.78), while high baseline
low-density lipoprotein cholesterol (LDL-C) was linked to decreased CR rate (OR
= 0.65, 95% CI: 0.44-0.97) and increased progression risk (HR = 1.78, 95% ClI:
1.14-2.79). Additionally, high LDL-C trajectory was associated with reduced CR
rates, whereas moderate BMI trajectory was associated with improved CR, PFS,
and OS.

Discussion: Therefore, controlling LDL-C levels and maintaining a moderate BMI
are crucial for improving DLBCL clinical outcomes.
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1 Introduction

Diffuse Large B-Cell Lymphoma (DLBCL) is the most common
subtype of Non-Hodgkin Lymphoma (NHL), accounting for 30%-
40% of adult NHL cases worldwide (1) and 30-50% in China (2).
Although the advent of rituximab-based immunochemotherapy,
such as R-CHOP (rituximab combined with cyclophosphamide,
doxorubicin, vincristine, and prednisone), has substantially
improved survival outcomes, 20-40% of patients develop relapsed
or refractory (R/R) disease with a dismal 2-year overall survival
(OS) rate of only 20-40% (3). As a highly heterogeneous disease, the
influence of patient metabolic status on the prognosis of DLBCL
requires further elucidation.

Metabolic Syndrome (MetS) is a metabolic disorder
characterized by the presence of at least three out of five
components: obesity, hypertension, hyperglycemia, high levels of
triglyceride (TG), and low levels of high-density lipoprotein
cholesterol (HDL-C) (4). MetS not only increases the risk of
cardiovascular and cerebrovascular diseases but also elevates the
risk of cancer (5). Epidemiological studies have implicated
components of MetS in the development and prognosis of
hematologic malignancies. Nagel et al. reported that elevated
glucose levels were associated with an increased risk of high-grade
B-cell lymphomas and multiple myeloma, whereas reduced
cholesterol levels were linked to low-grade B-cell lymphomas. In
addition, a high BMI has been associated with an increased risk of
Hodgkin lymphoma (6). Specifically, low levels of HDL-C have
been shown to increase the risk of NHL and multiple myeloma (7,
8), while obesity and diabetes independently contribute to a higher
incidence of DLBCL (9, 10). Beyond etiology, abnormalities in MetS
components can also impact the effectiveness and prognosis of
NHL. Studies have found a correlation between higher BMI and
increased mortality risk in NHL patients (11, 12), and
hyperglycemia and secondary hyperglycemia portended poor
prognosis in DLBCL patients (13, 14). The impact of baseline
lipid levels, including total cholesterol (TC), TG, HDL-C, and
low-density lipoprotein cholesterol (LDL-C), before treatment
and their subsequent changes on the prognosis of DLBCL
remains unclear (15-17). Currently, no studies have shown a
direct relationship between blood pressure and the effectiveness
and prognosis of DLBCL.

Currently, there is a lack of longitudinal cohort studies
systematically analyzing the relationship between dynamic
changes in MetS components during treatment and the
effectiveness and prognosis of DLBCL. Therefore, our study
retrospectively established a longitudinal cohort of DLBCL
patients who completed chemotherapy at our center. We analyzed
the impact of baseline levels and dynamic changes in MetS
components (obesity, blood pressure, blood glucose, lipids) on the
treatment response and prognosis of DLBCL patients. This study
aims to identify key metabolic indicators that may influence the
effectiveness and prognosis of DLBCL, facilitating the integration of

Frontiers in Oncology

10.3389/fonc.2025.1524498

monitoring and managing MetS components into DLBCL

treatment to improve patient outcomes.

2 Materials and methods

2.1 Patients

This retrospective cohort study included newly diagnosed
DLBCL patients treated at the Department of Hematology, the
First Affiliated Hospital of Dalian Medical University, between May
2010 to May 2022. Patients were eligible if they met the following
criteria: (1) Age > 18 years; (2) No history of liver disease or other
malignant tumors; (3) Completed of 6-8 cycles of CHOP or CHOP-
like regimen with or without rituximab at our center; (4)
Availability of complete clinical and laboratory data. Exclusion
criteria were: (1) Incomplete treatment cycles; (2) Missing
treatment response evaluation; (3) Loss to follow-up.

Initially, 162 patients were enrolled, then 37 were excluded,
resulting in a final cohort of 125 patients.

2.2 Data collection

Baseline demographic, clinical, and metabolic indicators were
extracted from electronic medical records prior to the first
treatment cycle. Variables included:

Demographics: Age, sex, height, weight, body mass index
(BMI), systolic/diastolic blood pressure (SBP/DBP).

Laboratory indicators: Fasting plasma glucose (FPG), TG, TC,
HDL-C, LDL-C.

DLBCL characteristics: Ann Arbor staging (I-IV), presence of
B symptoms (fever, night sweats, and weight loss >10%
within 6 months), International Prognostic Index (IPI)
score, extranodal involvement, number of involved lymph
node regions or extranodal sites, Hans classification
(germinal center B-cell [GCB] vs. non-GCB subtype), and
serum lactate dehydrogenase (LDH) levels.

During chemotherapy, clinical indicators, including
hematologic and metabolic profiles, were collected before each
chemotherapy cycle.

Treatment response was categorized as Complete Remission
(CR), Partial Remission (PR), Stable Disease (SD), or Progressive
Disease (PD) (18). For analytical purposes, outcomes were
dichotomized into CR and Non-CR (PR/SD/PD) in this study.

Follow-up data was obtained through hospital records, outpatient
visits, or telephone interviews until March 31, 2023. Progression-free
survival (PFS) was defined as the interval from diagnosis to first
disease progression, death, or last follow-up. Overall survival (OS)
was defined as the interval from diagnosis to death or last follow-up.
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2.3 Statistical analysis

All statistical analyses were performed using R software (version
4.3.2) and SAS 9.4. Continuous variables with normal distributions
were presented as mean + standard deviation (SD), whereas non-
normally distributed variables were summarized as median with
interquartile range (IQR). Categorical variables were described as
frequency (percentage). Group comparisons were conducted using
the independent samples t-test, Mann-Whitney U test, chi-square
test or Fisher’s exact test as appropriate.

A multivariate logistic regression model was constructed with
CR as the dependent variable, incorporating baseline demographic
characteristics (age, sex), disease characteristics (Ann Arbor stage,
GCB subtype, B symptoms, extranodal involvement, the number of
involved areas, LDH levels and IPI score), and baseline metabolic
components (FPG, TG, HDL-C, LDL-C, SBP, DBP, and BMI) as
independent variables. A backward stepwise likelihood ratio test
was employed to identify significant factors of treatment response.
For survival outcomes, Cox proportional hazards regression was
used to assess factors influencing progression-free survival (PFS)
and overall survival (OS). The same set of independent variables
was screened using backward stepwise likelihood ratio test for
prognostic determinants.

Group-based trajectory modeling (GBTM) was implemented
using the proc traj procedure in SAS 9.4 to characterize longitudinal
trajectories of each MetS component during treatment (19). TG,
HDL-C, and LDL-C underwent logarithmic transformation (In
[value x 100]) to normalize distributions. Optimal trajectory
groups were selected based on the lowest Bayesian Information
Criterion (BIC), an average posterior probability (AvePP) > 0.7, and
subgroup proportion > 5%.

Multivariate logistic regression analysis was performed with CR
as the dependent variable. Independent variables included baseline
demographic characteristics (age, sex), disease characteristics
mentioned above, and trajectory groups of MetS components. A
backward stepwise likelihood ratio test was applied to identify
significant predictors of treatment response. For survival
outcomes, Cox proportional hazards regression models were
utilized to evaluate factors influencing PFS and OS. The same set
of independent variables was analyzed using the backward stepwise
likelihood ratio test to screen for prognostic determinants.

The proportional hazards assumption for Cox models was
validated using the Schoenfeld residuals method and confirmed
through global tests (p > 0.1 for all covariates). Collinearity between
independent variables was assessed via variance inflation factors
(VIFs), and the baseline TC was excluded from multivariate models
due to its significant collinearity (VIF > 5). All statistical tests were
two-tailed, with a significance level set at p < 0.05.

3 Results
3.1 Patient characteristics

This study followed 125 newly diagnosed DLBCL patients.
Their median age at baseline was 61 years (IQR: 51 to 69 years),
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with 62 males (49.6%) and 63 females (50.4%). Nearly half of the
patients (n=58, 46.4%) were diagnosed at an advanced stage (Ann
Arbor III/IV). GCB subtype was identified in 38.4% (n=48) of
patients, while 28.0% (n=35) exhibited B symptoms. Extranodal
involvement was observed in 76.8% (n=96) of patients, with 42.4%
(n=53) showing involvement of >3 lymph node regions or organs.
Elevated LDH levels (>250 IU/L) were detected in 32.0% (n=40) of
patients, and 32.8% (n=41) were categorized as high-intermediate
risk or high risk (IPI > 3). A total of 82 patients (65.6%) received the
R-CHOP regimen, while 43 patients (34.4%) were treated with
CHOP or CHOP-like regimens. CR was achieved in 71.2% (n=89)
of patients following therapy. The data mentioned above, along with
median values of the MetS components at baseline are presented
in Table 1.

3.2 Association between MetS components
at baseline and DLBCL treatment response

As summarized in Table 2, statistically significant differences
were observed between the CR and non-CR groups in Ann Arbor
stage (p = 0.004), the number of involved area (p< 0.001), elevated
LDH (p < 0.001), and IPI (p < 0.001). Baseline HDL-C level in the
CR group was significantly higher than that in the non-CR group
(p = 0.019). No significant differences were detected in other

TABLE 1 Characteristics of patients with DLBCL at baseline.

Age, years 61 (51, 69)
Sex, female, n (%) 63 (50.4)
Ann Arbor stage ITI/IV, n (%) 58 (46.4)
GCB, n (%) 48 (38.4)
B symptoms, n (%) 35 (28.0)
Extranodal involvement, n (%) 96 (76.8)
Number of involved area > 3, n (%) 53 (42.4)
LDH>250 IU/L, n (%) 40 (32.0)
IPI > 3, n (%) 41 (32.8)

FPG, mmol/L 5.01 (4.69, 5.69)
TC, mmol/L 4.62 (3.76, 5.62)
TG, mmol/L 1.38 (0.94, 1.84)

HDL-C, mmol/L 1.07 (0.84, 1.31)

LDL-C, mmol/L 2.63 (2.06, 3.37)

SBP, mmHg 125.0 (117.0, 140.0)
DBP, mmHg 80.0 (70.0, 87.0)
BMI, kg/m’ 24.34 (22.02, 26.54)

GCB, Germinal Center B-cell; LDH, Lactate Dehydrogenase; IPI, International Prognostic
Index; FPG, Fasting Plasma Glucose; TC, Total Cholesterol; TG, Triglycerides; HDL-C, High-
Density Lipoprotein Cholesterol; LDL-C, Low-Density Lipoprotein Cholesterol; SBP, Systolic
Blood Pressure; DBP, Diastolic Blood Pressure; BMI, Body Mass Index.

Continuous variables were summarized as median with interquartile range (IQR).
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TABLE 2 Comparison of baseline variables between CR and non-CR groups.

CR (n=89)

Baseline Variables

Non-CR (n=36)

Age 60 (51.0, 68.5) 63.5 (50.2, 70.5) 0.727
Sex, female, n (%) 48 (53.9) 15 (41.7) 0.214
Ann Arbor stage III/IV, n (%) 34 (38.2) 24 (66.7) 0.004
GCB, n (%) 37 (41.6) 11 (30.6) 0.251
B symptoms, n (%) 21 (23.6) 14 (38.9) 0.085
Extranodal involvement, n (%) 69 (77.5) 27 (75.0) 0.762
Number of involved area > 3, n (%) 27 (30.3) 26 (72.2) <0.001
LDH >2501U/L, n (%) 20 (22.5) 20 (55.6) <0.001
IPI >3, n (%) 21 (23.6) 20 (55.6) <0.001
FPG, mmol/L 5.01 (4.72, 5.64) 4.97 (4.59, 5.99) 0.764
TC, mmol/L 4.61 (3.76, 5.49) 4.67(3.81, 5.74) 0.482
TG, mmol/L 1.39 (0.85, 1.79) 1.35 (1.01, 2.05) 0.480
HDL-C, mmol/L 1.13 (0.90, 1.32) 0.90 (0.67, 1.27) 0.019
LDL-C, mmol/L 2.56 (2.06, 3.32) 2.72 (2.05, 3.44) 0.429
SBP, mmHg 126.0 (118.0, 140.0) 124.0 (111.8, 130.0) 0.158
DBP, mmHg 80(70.5, 87.5) 78.0 (70.0, 84.8) 0.261
BMI, kg/m> 2422 (22.02, 26.54) 24.59 (21.98, 26.99) 0.645

GCB, Germinal Center B-cell; LDH, Lactate Dehydrogenase; IPI, International Prognostic Index; FPG, Fasting Plasma Glucose; TC, Total Cholesterol; TG, Triglycerides; HDL-C, High-Density
Lipoprotein Cholesterol; LDL-C, Low-Density Lipoprotein Cholesterol; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; BMI, Body Mass Index; CR, Complete Remission.

Continuous variables were summarized as median with interquartile range (IQR).

baseline MetS components between the two groups (p > 0.05).
Univariate logistic regression analysis further confirmed that
baseline MetS components were not associated with treatment
response (p > 0.05), as presented in Supplementary Table
S1 (Supplementary).

Backward stepwise multivariate logistic regression identified
three independent influencing factors of CR: the number of
involved areas (OR = 0.19, 95% CI: 0.09-0.50), LDH levels (OR =
0.38, 95% CI: 0.15-0.96, and baseline LDL-C (OR = 0.65, 95% CI:
0.44-0.97). Specifically, each one unit increase in baseline LDL-C
was associated with a 35% reduction in the likelihood of achieving
CR. Detailed results are provided in Table 3.

TABLE 3 Multivariate logistic regression for the association between
baseline characteristics and treatment response.

Baseline Characteristics OR 95%CI

Coef. p

Number of involved area > 3 -1.660 0.001 = 0.19 (0.07, 0.50)
LDH > 250 IU/L -0.959 0.044 0.38 (0.15, 0.96)
LDL-C, mmol/L -0.430 0.033  0.65 (0.44, 0.97)

LDH, Lactate Dehydrogenase; LDL-C, Low-Density Lipoprotein Cholesterol; OR, Odds Ratio;
CI, Confidence Interval.
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3.3 Associations between MetS
components at baseline and prognosis of
DLBCL

The median follow-up time was 24 months (rang: 4-151
months, IQR:19-48 months), during which 14 patients (11.2%)
experienced disease progression and 19 patients (15.2%) died. The
estimated 2-year PFS and OS rate were 70.0% and
82.0%, respectively.

Univariate Cox regression analysis indicated that Ann Arbor
stage, the number of involved area, LDH levels, IPI, and HDL-C
were significant predictors of both PES and OS (p < 0.05). An
increase of one unit in baseline HDL-C was associated with a 64%
decrease in the risk of progression (HR = 0.36, 95% CI: 0.15, 0.88)
and an 82% reduction in the risk of death (HR = 0.18, 95% CI: 0.05,
0.65). Detailed hazard ratios are summarized in Supplementary
Tables S2 and S3 (Supplementary).

The backward stepwise Cox regression model for PFS (Table 4)
screened out three independent prognostic factors: the number of
involved area >3 (HR = 3.85, 95% CI: 1.72-8.61), baseline HDL-C
(HR = 0.27, 95% CI: 0.10-0.78) and baseline LDL-C (HR = 1.78,
95% CI: 1.14-2.79). An increase of one unit in baseline HDL-C was
associated with an 73% reduction in progression risk. Conversely,
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TABLE 4 Multivariate cox regression for the impact of baseline
characteristics on PFS.

Baseline Characteristics Coef. p HR  HR 95%Cl
Number of involved area > 3 1.347 0.001 = 3.85 (1.72, 8.61)
HDL-C, mmol/L -1.304 | 0015 027  (0.10,0.78)
LDL-C, mmol/L 0.577 0.011 1.78 (1.14, 2.79)

HDL-C, High-Density Lipoprotein Cholesterol; LDL-C, Low-Density Lipoprotein
Cholesterol; HR, Hazard Ratio; CI, Confidence Interval.

an increase of one unit in baseline LDL-C raised the progression
risk by 1.78 times. For OS, only the number of involved area >3(HR
=4.34,95% CI: 1.34-14.10) and elevated LDH (HR = 2.77, 95% CI:
1.01-7.62) retained significance, with no independent associations
observed for baseline MetS components.

3.4 Associations between MetS component
trajectories and DLBCL treatment response

GBTM categorized longitudinal changes in each MetS
component during treatment into three distinct trajectories: low-
level, medium-level, and high-level groups. As illustrated in
Figure 1, these trajectories remained stable relative to baseline
values across all treatment cycles.

Univariate logistic regression (Supplementary Table S4)
revealed that patients in the medium HDL-C trajectory group
had a 3.32-fold higher likelihood of achieving CR compared to
the low HDL-C group (OR= 3.32, 95% CI: 1.40-7.85). Similarly, the
medium BMI trajectory group exhibited a 1.79-fold increased CR
rate versus the low BMI group (OR = 2.79, 95% CI: 1.16-6.74).

Backward stepwise multivariate logistic regression analysis
(Table 5) revealed that in addition to the number of involved area
(OR =0.26, 95% CI: 0.09-0.70) and LDH levels (OR = 0.33, 95% CI:
0.12-0.90) being significant predictors of treatment response, the
LDL-C trajectory (p = 0.045) and BMI trajectory (p = 0.016) also
significantly influenced treatment response. Compared to the low-
level group, the high-level LDL-C trajectory group experienced a
significant decrease in CR rate by approximately 90% (OR = 0.10,
95% CI: 0.01, 0.73), while the medium-level BMI trajectory group
showed a 1.81-fold increase in CR rate (OR = 2.81, 95% CI:
1.00, 7.88).

3.5 Associations between MetS component
trajectories and DLBCL prognosis

Univariate Cox regression analysis revealed that longitudinal
trajectories of HDL-C and BMI significantly influenced both PES
(Figure 2) and OS (Figure 3). Compared to the low HDL-C
trajectory group, patients in the medium HDL-C trajectory group
exhibited a 55% lower risk of disease progression (HR= 0.45, 95%
CI: 0.21-0.93) and a 75% reduction in mortality risk (HR = 0.25,
95% CI: 0.08-0.76). Similarly, the medium BMI trajectory group
showed a 71% decreased risk of disease progression (HR = 0.29,
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95% CI: 0.12-0.69) and a 79% lower mortality risk (HR = 0.21, 95%
CI: 0.06-0.75) compared to the low BMI trajectory group
(Supplementary Tables S5, S6).

The backward Cox regression analysis identified BMI trajectory
as an independent prognostic factor for both PFS and OS. For PFS,
aside from the number of involved area (p < 0.001), the BMI
trajectory (p = 0.012) was a significant predictor. Patients in the
medium BMI trajectory group experienced a 67% reduction in
progression risk compared to the low BMI trajectory group (HR =
0.33,95% CI: 0.14, 0.78) (Table 6). In the OS analysis, along with the
IPI (p = 0.030) and the number of involved area (p = 0.023), the
BMI trajectory (p = 0.039) emerged as a crucial factor. The medium
BMI trajectory group demonstrated an 81% reduction in mortality
risk compared to the low BMI trajectory group (HR = 0.19, 95% CI:
0.05, 0.69) (Table 7).

4 Discussion

Our study demonstrated that BMI trajectories during
treatment, rather than baseline BMI, served as critical predictors
of both treatment response and survival. Patients with medium BMI
levels during treatment had better prognosis compared to those
with low BMI levels. Additionally, our findings highlight the dual
role of lipid metabolism in DLBCL biology. While elevated baseline
HDL-C is associated with favorable outcomes, elevated baseline
LDL-C and persistently high LDL-C level independently predict
reduced CR rate and increased progression risk. These results
underscore the importance of monitoring and managing
metabolic health throughout DLBCL therapy.

Previous studies have primarily focused on the relationship
between BMI at diagnosis or baseline before treatment and the
prognosis of DLBCL patients, without paying attention to the
dynamic changes in BMI during treatment. A large study
involving 1,386 DLBCL patients found that underweight patients
at baseline had poorer prognoses compared to overweight and
obese patients (20). Weiss et al. also supported this observation,
showing that patients with BMI > 25 kg/m® had a 3-year PFS of
74.1%, while those with a BMI < 25 kg/m* had a 3-year PFS of
57.5%; patients with BMI > 25 kg/m2 had a 3-year OS of 80.9%,
compared to 64.2% for those with a BMI < 25 kg/m?* (21). Another
retrospective study of DLBCL patients among U.S. veterans showed
that at diagnosis, patients with a BMI between 25 kg/m?* and 29.9
kg/m? and those with a BMI > 30 kg/m? had lower mortality risks
compared to individuals with a normal BMI (22). We found that
baseline BMI prior to therapy was not a significant factor affecting
the treatment response and prognosis of DLBCL from both
univariate and multivariate analyses. However, the BMI trajectory
during treatment emerged as an important predictor of both
outcomes. Patients maintaining a moderate BMI trajectory (25-
26kg/m?) during therapy exhibited significantly higher CR rates and
survival benefits (67% lower progression risk, 81% lower mortality
risk) compared to those with low BMI trajectories. Overweight
status may confer protective effects through the following
mechanisms: Higher BMI provides a reserve of fat and muscle,
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FIGURE 1

Trajectories of MetS Components. Low, medium, and high trajectory groups for each MetS Components are shown across treatment periods.

(A) Body mass index (BMI): Low (20-22 kg/m?), medium (25-26 kg/m?; overweight range), and high (31-32 kg/m?; obesity range); (B) High-density lipoprotein cholesterol (HDL-C) (log-transformed as ln [HDL-
C x 100]): Low (0.8-0.9 mmol/L), medium (1.2-1.3 mmol/L), and high (2.4-3.1 mmol/L); (C) Low-density lipoprotein cholesterol (LDL-C) (In [LDL-C x 100]): Low (1.7-2.2 mmol/L), medium (2.9-3.0 mmol/L),
and high (5.3-6.0 mmol/L); (D) Triglycerides (TG) (In [TG x 100]): Low (0.9-1.0 mmol/L), medium (1.6-2.0 mmol/L), and high (6.0-7.3 mmol/L); (E) Fasting plasma glucose (FPG): Low (5.0-5.4 mmol/L),
medium (6.2-7.3 mmol/L), and high (9.0-10.0 mmol/L); (F) Systolic blood pressure (SBP): Low (113-114 mmHg), medium (124-131 mmHg), and high (137-142 mmHg); (G) Diastolic blood pressure (DBP): Low
(70-72 mmHg), medium (77-78 mmHg), and high (86-88 mmHgq).
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TABLE 5 Multivariate logistic regression for the association between
MetS components trajectory and treatment response.

Variables Coef. p (0] OR 95%ClI
LDH >250 IU/L -1.111 0.031 0.33 (0.12, 0.90)
Number of involved area >3 = -1.368 0.008 0.26 (0.09, 0.70)
LDLg 0.045
Medium 0.095 0.856 1.10 (0.39, 3.08)
High -2.345 0.023 0.10 (0.01, 0.73)
BMIg 0.016
Medium 1.033 0.049 2.81 (1.00, 7.88)
High -1.088 0.151 0.34 (0.08, 1.49)

LDH, Lactate Dehydrogenase; LDLg, Low-Density Lipoprotein Cholesterol trajectory;
BMIg, Body Mass Index trajectory; OR, Odds Ratio; CI, Confidence Interval.

which can help during treatment. Additionally, drug metabolism
can be influenced by body composition, and higher BMI might
increase drug concentration and treatment effectiveness (23).
Obesity-related chronic low-grade inflammation may enhance
immune system activity, improving therapy effectiveness (24).
Moreover, higher BMI correlates with better nutritional status,
aiding in tolerating treatment side effects (25). Lastly, higher BMI
may be linked to favorable immune responses and beneficial tumor
microenvironment changes (24).

Notably, the lack of association between high BMI trajectories
(31-32 kg/m?) and treatment response and prognosis in our cohort
likely reflects insufficient statistical power (10.9% subgroup
proportion). Further studies with larger sample sizes are needed
to clarify whether the high-level BMI trajectory exerts impacts on
the treatment response and prognosis in DLBCL patients.

The impact of blood lipids on the prognosis of DLBCL remains
inconclusive. A retrospective analysis of 271 R-CHOP-treated
DLBCL patients demonstrated that concurrent statin therapy
significantly improved CR rates PFS rate compared to non-statin
users. This suggests that interfering with cholesterol metabolism
pathways may enhance the sensitivity of lymphoma cells to
chemotherapy (26). Additionally, reducing intracellular
cholesterol in lymphoma cells has been shown to induce
apoptosis (27). A retrospective study of 259 newly diagnosed
DLBCL patients found a correlation between hyperlipidemia,
particularly hypertriglyceridemia, and certain gene subtypes, but
no correlation with prognosis (28).

Our analyses revealed complex relationships between lipid
metabolism and treatment response in DLBCL. While baseline
HDL-C levels were significantly higher in the CR group
compared to non-CR group, multivariate logistic regression
demonstrated that baseline LDL-C, rather than HDL-C,
independently predicted lower CR rates. Notably, longitudinal
LDL-C trajectories during treatment further exacerbated this
association, and patients with persistently high LDL-C levels
exhibited a 90% reduced probability of achieving CR compared to
the low trajectory group. We also found that baseline HDL-C and
LDL-C levels are important factors affecting the PFS of DLBCL
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patients. Elevated baseline HDL-C levels were favorable for
extending PFS, while baseline LDL-C levels were detrimental.
Furthermore, univariate analysis revealed a 56% reduction in
progression rate and a 75% reduction in mortality rate in the
medium-level HDL-C trajectory group compared to the low-level
group. However, these associations lost significance in multivariate
models, suggesting their prognostic impact may be mediated
through other clinical variables.

A prospective study of 70 newly diagnosed DLBCL patients
receiving (R)-CHOP treatment found that high HDL-C levels and
low TG levels were protective factors against anthracycline-induced
subclinical cardiotoxicity. This cardioprotective effect may partially
explain the observed correlation between higher HDL-C levels and
improved OS (29). Similarly, a retrospective study involving 307
newly diagnosed DLBCL patients treated with rituximab-
containing regimens found high HDL-C predicted longer PES
and OS, whereas elevated TG was linked to shorter PFS (16). Our
study did not find a correlation between TG levels and DLBCL
prognosis, potentially due to limited sample size or shorter follow-
up. A retrospective study of 46 transformed DLBCL patients
reported that low HDL-C level was an independent prognostic
predictor of poor OS in multivariate analysis (30). Another
retrospective study of 367 newly diagnosed DLBCL patients
treated with rituximab-containing regimens found that high
baseline HDL-C and LDL-C were associated with favorable PFS
and OS, also HDL-C or LDL-C elevations after 6-8 circles of
chemotherapies were correlated with better survival (15), differing
from our findings. Our application of GBTM to characterize
longitudinal lipid dynamics during chemotherapy offers
significant methodological advancements over prior approaches.
Our trajectory analysis revealed that lipids exhibited remarkable
stability during chemotherapy, with three distinct trajectory groups
(“low,” “medium,” and “high”) maintaining near-baseline levels
throughout treatment. This contrasts with prior studies that focused
solely on binary pre-post treatment comparisons, which may
overlook nuanced longitudinal patterns. Furthermore, GBTM
accounts for intra-individual variability, reducing misclassification
biases inherent in static measurements. These advantages
underscore the importance of dynamic metabolic monitoring in
optimizing DLBCL management.

Cholesterol and its derivatives contribute to a favorable tumor
microenvironment by promoting inflammation and cellular
proliferation, which are conducive to tumor growth (31, 32).
HDL-C is known for its anti-inflammatory and antioxidant
properties, which can help protect against cancer progression
(33). HDL-C also facilitates cholesterol efflux from cells, which is
crucial in maintaining cellular homeostasis and inhibiting tumor
growth (34). HDL-C may enhance immune function, improve the
body’s response to therapy, and inhibit the proliferation of cancer
cells by modulating key signaling pathways (35). Elevated levels of
LDL-C provide cancer cells with essential components for survival
and growth, supporting altered cancer cell metabolism and
facilitating membrane synthesis, hormone production, and cell
signaling (36). Additionally, LDL-C can activate signaling
pathways such as PI3K/AKT, which enhance cell survival and
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TABLE 6 Multivariate cox regression for the relationship between MetS
components trajectory and PFS.

Variables Coef. p HR HR 95%CI
Number of involved area >3 ‘ 1.463 <0.001 4.32 (1.99, 9.38)
BMIg ‘ 0.012
Medium ‘ -1.112 0.012 0.33 (0.14, 0.78)
High ‘ 0.421 0.367 1.52 (0.61, 3.81)

BMIg, Body Mass Index trajectory; HR, Hazard Ratio; CI, Confidence Interval.

TABLE 7 Multivariate cox regression for the relationship between MetS
components trajectory and OS.

Variables Coef. p HR HR 952%CI
IPI >3 -1.142 0.030 0.32 (0.11, 0.90)
Number of involved area >3  -1.371 0.023 0.25 (0.08, 0.83)
BMIg 0.039
Medium -1.653 0.011 0.19 (0.05, 0.69)
High -0.193 0.767 0.83 (0.23, 2.95)

IPI, International Prognostic Index; BMIg, Body Mass Index trajectory; HR, Hazard Ratio;
CI, Confidence Interval.

resistance to apoptosis, thereby may contributing to DLBCL
aggressiveness (37). Oxidized LDL (oxLDL) further exacerbates
these effects by inducing oxidative stress and inflammation, which
promote cancer progression and potentially impair the effectiveness
of chemotherapy (38). These mechanisms may help explain the
findings of our study.

While retrospective studies have implicated preexisting diabetes
mellitus (DM) as a risk factor for poor survival in DLBCL (39), and
type 2 diabetes (DMT2) as an independent predictor of reduced PFS
and OS (13), our cohort revealed no significant association between
fasting plasma glucose (FPG) levels and treatment outcomes. The
impact of glucocorticoid-induced diabetes during DLBCL
treatment on patient prognosis remains controversial (14, 40).
Current evidence on hypertension (HTN) and DLBCL prognosis
is sparse and conflicting. A recent retrospective study involving 232
DLBCL patients found that arterial hypertension (AH) was an age-
independent significant predictor of all-cause mortality and
cardiovascular mortality (41). Our study did not find a significant
impact of blood pressure on the prognosis of DLBCL patients.
Larger multicenter cohorts with serial monitoring are needed to
clarify whether glycemic or blood pressure control during therapy
improves DLBCL outcomes.

This study has several limitations. First, the retrospective,
single-center design inherently limits the generalizability of the
results and introduces potential selection and information biases.
Although rigorous inclusion criteria were applied, the relatively
small cohort size (n = 125) may have restricted statistical power for
subgroup analyses. Second, the median age of the cohort (58 years,
IQR: 51-69) reflects an older population, which may reduce the
applicability of these findings to younger DLBCL patients. Third,
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the extended enrollment period (2010-2022) and variable follow-up
duration (range: 4-151 months) could introduce temporal biases.
Notably, the short follow-up duration may underestimate long-
term survival disparities associated with metabolic trajectories.
Furthermore, the analysis did not fully account for interactions or
mediating effects among MetS components and other clinical
factors. Future studies employing machine learning algorithms or
structural equation modeling could elucidate these complex
relationships. To address these limitations, multicenter
prospective cohorts with standardized metabolic monitoring
protocols, extended follow-up duration, and sex or age-stratified
analyses are strongly recommended.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by The Ethics
Committee of the First Affiliated Hospital of Dalian Medical
University. The studies were conducted in accordance with the
local legislation and institutional requirements. Written informed
consent for participation was not required from the participants or
the participants’ legal guardians/next of kin in accordance with the
national legislation and institutional requirements.

Author contributions

DZ: Data curation, Validation, Writing - original draft. HX:
Data curation, Validation, Writing - original draft. FT: Data
curation, Formal Analysis, Writing - original draft. TC: Data
curation, Writing - original draft. XS: Conceptualization,
Supervision, Validation, Writing - review & editing. GS:
Conceptualization, Supervision, Validation, Writing - review
& editing.

Funding
The author(s) declare that financial support was received for the
research and/or publication of this article. This investigation was

supported by the National Natural Science Foundation of China,
No. 82100125.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fonc.2025.1524498
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhao et al.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,

References

1. Sethi A, Tandon A, Mishra H, Singh I. Diffuse large B-cell lymphoma: An
immunohistochemical approach to diagnosis. J Oral Maxillofac Pathol. (2019) 23:284-
8. doi: 10.4103/jomfp.JOMFP_294_18

2. Health Commission Of The People’s Republic Of China, N. National guidelines
for diagnosis and treatment of Malignant lymphoma 2022 in China (English version).
Chin J Cancer Res. (2022) 34:425-46 doi: 10.21147/j.issn.1000-9604.2022.05.01

3. Lu W, Chen W, Zhou Y, Yuan Y, Shu H, Deng H, et al. A model to predict the
prognosis of diffuse large B-cell lymphoma based on ultrasound images. Sci Rep. (2023)
13:3346. doi: 10.1038/s41598-023-30533-y

4. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, et al.
Harmonizing the metabolic syndrome: a joint interim statement of the International
Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, Lung,
and Blood Institute; American Heart Association; World Heart Federation; International
Atherosclerosis Society; and International Association for the Study of Obesity.
Circulation. (2009) 120:1640-5. doi: 10.1161/CIRCULATIONAHA.109.192644

5. Mili N, Paschou SA, Goulis DG, Dimopoulos MA, Lambrinoudaki I, Psaltopoulou
T. Obesity, metabolic syndrome, and cancer: pathophysiological and therapeutic
associations. Endocrine. (2021) 74:478-97. doi: 10.1007/s12020-021-02884-x

6. Nagel G, Stocks T, Spath D, Hjartaker A, Lindkvist B, Hallmans G, et al. Metabolic
factors and blood cancers among 578,000 adults in the metabolic syndrome and cancer
project (Me-Can). Ann Hematol. (2012) 91:1519-31. doi: 10.1007/s00277-012-1489-z

7. Lim U, Gayles T, Katki HA, Stolzenberg-Solomon R, Weinstein SJ, Pietinen P,
et al. Serum high-density lipoprotein cholesterol and risk of non-hodgkin lymphoma.
Cancer Res. (2007) 67:5569-74. doi: 10.1158/0008-5472.CAN-07-0212

8. Makris A, Pagkali A, Nikolousis E, Filippatos TD, Agouridis AP. High-density
lipoprotein cholesterol and multiple myeloma: A systematic review and meta-analysis.
Atheroscler Plus. (2023) 54:7-13. doi: 10.1016/j.athplu.2023.09.003

9. Castillo JJ, Ingham RR, Reagan JL, Furman M, Dalia S, Mitri J. Obesity is
associated with increased relative risk of diffuse large B-cell lymphoma: a meta-
analysis of observational studies. Clin Lymph Myeloma Leuk. (2014) 14:122-30.
doi: 10.1016/j.cm1.2013.10.005

10. Zhang], LuoJ, Liu F, Wu D, Zhong Q, Zeng L, et al. Diabetes mellitus potentiates
diftuse large B—cell lymphoma via high levels of CCL5. Mol Med Rep. (2014) 10:1231-6.
doi: 10.3892/mmr.2014.2341

11. Tarella C, Caracciolo D, Gavarotti P, Argentino C, Zallio F, Corradini P, et al.
Overweight as an adverse prognostic factor for non-Hodgkin’s lymphoma patients
receiving high-dose chemotherapy and autograft. Bone Marrow Transplant. (2000)
26:1185-91. doi: 10.1038/sj.bmt.1702692

12. Larsson SC, Wolk A. Body mass index and risk of non-Hodgkin’s and Hodgkin’s
lymphoma: a meta-analysis of prospective studies. Eur | Cancer. (2011) 47:2422-30.
doi: 10.1016/j.ejca.2011.06.029

13. Drozd-Sokolowska J, Zaucha JM, Biecek P, Giza A, Kobylinska K, Joks M, et al.
Type 2 diabetes mellitus compromises the survival of diffuse large B-cell lymphoma
patients treated with (R)-CHOP - the PLRG report. Sci Rep. (2020) 10:3517.
doi: 10.1038/s41598-020-60565-7

14. Zhou W, Li W, He C, Ma R, Gao Q, Wang Y, et al. Influence of hyperglycemia on
the prognosis of patients with diffuse large B-cell lymphoma. Diabetes Metab Syndr
Obes. (2022) 15:2039-49. doi: 10.2147/DMS0.S370017

15. Gao R, Liang JH, Wang L, Zhu HY, Wu W, Cao L, et al. Low serum cholesterol
levels predict inferior prognosis and improve NCCN-IPI scoring in diffuse large B cell
lymphoma. Int ] Cancer. (2018) 143:1884-95. doi: 10.1002/ijc.v143.8

16. Wang F, Lu L, Chen H, Yue Y, Sun Y, Yan F, et al. Altered serum lipid levels are
associated with prognosis of diffuse large B cell lymphoma and influenced by utility of
rituximab. Ann Hematol. (2023) 102:393-402. doi: 10.1007/s00277-023-05092-x

Frontiers in Oncology

10.3389/fonc.2025.1524498

or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2025.1524498/
full#supplementary-material

17. Yu T, Luo D, Luo C, Xu-Monette ZY, Yu L. Prognostic and therapeutic value of
serum lipids and a new IPI score system based on apolipoprotein A-I in diffuse large B-
cell lymphoma. Am J Cancer Res. (2023) 13:475-84.

18. Younes A, Hilden P, Coiffier B, Hagenbeek A, Salles G, Wilson W, et al.
International Working Group consensus response evaluation criteria in lymphoma
(RECIL 2017). Ann Oncol. (2017) 28:1436-47. doi: 10.1093/annonc/mdx097

19. Jones BL, Nagin DS. Advances in group-based trajectory modeling and an SAS
procedure for estimating them. Sociol Methods Res. (2007) 35:542-71. doi: 10.1177/
0049124106292364

20. Zhou Z, Rademaker AW, Gordon LI, LaCasce AS, Crosby-Thompson A,
Vanderplas A, et al. High body mass index in elderly patients with DLBCL treated
with rituximab-containing therapy compensates for negative impact of male sex. J Natl
Compr Canc Netw. (2016) 14:1274-81. doi: 10.6004/jnccn.2016.0136

21. Weiss L, Melchardt T, Habringer S, Boekstegers A, Hufnagl C, Neureiter D, et al.
Increased body mass index is associated with improved overall survival in diffuse large
B-cell lymphoma. Ann Oncol. (2014) 25:171-6. doi: 10.1093/annonc/mdt481

22. Carson KR, Bartlett NL, McDonald JR, Luo S, Zeringue A, Liu J, et al. Increased
body mass index is associated with improved survival in United States veterans with
diffuse large B-cell lymphoma. J Clin Oncol. (2012) 30:3217-22. doi: 10.1200/
JCO.2011.39.2100

23. Azvolinsky A. Cancer prognosis: role of BMI and fat tissue. ] Natl Cancer Inst.
(2014) 106:djul77. doi: 10.1093/jnci/djul77

24. Mu S, Shi D, Ai L, Fan F, Peng F, Sun C, et al. International prognostic index-
based immune prognostic model for diffuse large B-cell lymphoma. Front Immunol.
(2021) 12:732006. doi: 10.3389/fimmu.2021.732006

25. Martin-Moro F, Lopez-Jimenez J, Garcia-Marco JA, Garcia-Vela JA.
Comparative review of the current and future strategies to evaluate bone marrow
infiltration at diffuse large B-cell lymphoma diagnosis. Diagn (Basel). (2024) 14:658.
doi: 10.3390/diagnostics14060658

26. Gouni S, Strati P, Toruner G, Aradhya A, Landgraf R, Bilbao D, et al. Statins
enhance the chemosensitivity of R-CHOP in diffuse large B-cell lymphoma. Leuk
Lymph. (2022) 63:1302-13. doi: 10.1080/10428194.2021.2020782

27. Rink JS, Yang S, Cen O, Taxter T, McMahon KM, Misener S, et al. Rational
targeting of cellular cholesterol in diffuse large B-cell lymphoma (DLBCL) enabled by
functional lipoprotein nanoparticles: A therapeutic strategy dependent on cell of origin.
Mol Pharm. (2017) 14:4042-51. doi: 10.1021/acs.molpharmaceut.7b00710

28. XuY, Shen H, Shi Y, Zhao Y, Zhen X, Sun J, et al. Dyslipidemia in diffuse large B-
cell lymphoma based on the genetic subtypes: a single-center study of 259 Chinese
patients. Front Oncol. (2023) 13:1172623. doi: 10.3389/fonc.2023.1172623

29. Dong Q, Ou W, Wang M, Jiang T, Weng Y, Zhou X, et al. Study on influencing
factors of anthracycline-induced subclinical cardiotoxicity in DLBCL patients
administered (R)-CHOP. BMC Cancer. (2022) 22:988. doi: 10.1186/s12885-022-
10085-6

30. XuJ, Wei Z, Zhang Y, Chen C, Li ], Liu P. A novel scoring system based on the
level of HDL-C for predicting the prognosis of t-DLBCL patients: A single retrospective
study. BioMed Res Int. (2018) 2018:2891093. doi: 10.1155/2018/2891093

31. Yang W, Bai Y, Xiong Y, Zhang J, Chen S, Zheng X, et al. Potentiating the
antitumour response of CD8(+) T cells by modulating cholesterol metabolism. Nature.
(2016) 531:651-5. doi: 10.1038/nature17412

32. Guillaumond F, Bidaut G, Ouaissi M, Servais S, Gouirand V, Olivares O, et al.
Cholesterol uptake disruption, in association with chemotherapy, is a promising
combined metabolic therapy for pancreatic adenocarcinoma. Proc Natl Acad Sci
USA. (2015) 112:2473-8. doi: 10.1073/pnas.1421601112

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2025.1524498/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2025.1524498/full#supplementary-material
https://doi.org/10.4103/jomfp.JOMFP_294_18
https://doi.org/10.21147/j.issn.1000-9604.2022.05.01
https://doi.org/10.1038/s41598-023-30533-y
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
https://doi.org/10.1007/s12020-021-02884-x
https://doi.org/10.1007/s00277-012-1489-z
https://doi.org/10.1158/0008-5472.CAN-07-0212
https://doi.org/10.1016/j.athplu.2023.09.003
https://doi.org/10.1016/j.clml.2013.10.005
https://doi.org/10.3892/mmr.2014.2341
https://doi.org/10.1038/sj.bmt.1702692
https://doi.org/10.1016/j.ejca.2011.06.029
https://doi.org/10.1038/s41598-020-60565-7
https://doi.org/10.2147/DMSO.S370017
https://doi.org/10.1002/ijc.v143.8
https://doi.org/10.1007/s00277-023-05092-x
https://doi.org/10.1093/annonc/mdx097
https://doi.org/10.1177/0049124106292364
https://doi.org/10.1177/0049124106292364
https://doi.org/10.6004/jnccn.2016.0136
https://doi.org/10.1093/annonc/mdt481
https://doi.org/10.1200/JCO.2011.39.2100
https://doi.org/10.1200/JCO.2011.39.2100
https://doi.org/10.1093/jnci/dju177
https://doi.org/10.3389/fimmu.2021.732006
https://doi.org/10.3390/diagnostics14060658
https://doi.org/10.1080/10428194.2021.2020782
https://doi.org/10.1021/acs.molpharmaceut.7b00710
https://doi.org/10.3389/fonc.2023.1172623
https://doi.org/10.1186/s12885-022-10085-6
https://doi.org/10.1186/s12885-022-10085-6
https://doi.org/10.1155/2018/2891093
https://doi.org/10.1038/nature17412
https://doi.org/10.1073/pnas.1421601112
https://doi.org/10.3389/fonc.2025.1524498
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhao et al.

33. Ganjali S, Ricciuti B, Pirro M, Butler AE, Atkin SL, Banach M, et al. High-density
lipoprotein components and functionality in cancer: state-of-the-art. Trends Endocrinol
Metab. (2019) 30:12-24. doi: 10.1016/j.tem.2018.10.004

34. Rink JS, Lin AY, McMahon KM, Calvert AE, Yang S, Taxter T, et al. Targeted
reduction of cholesterol uptake in cholesterol-addicted lymphoma cells blocks turnover
of oxidized lipids to cause ferroptosis. ] Biol Chem. (2021) 296:100100. doi: 10.1074/
jbc.RA120.014888

35. Xiao M, Xu J, Wang W, Zhang B, Liu J, Li J, et al. Functional significance of
cholesterol metabolism in cancer: from threat to treatment. Exp Mol Med. (2023)
55:1982-95. doi: 10.1038/512276-023-01079-w

36. Santos CR, Schulze A. Lipid metabolism in cancer. FEBS J. (2012) 279:2610-23.
doi: 10.1111/j.1742-4658.2012.08644.x

37. Deng CF, Zhu N, Zhao TJ, Li HF, Gu J, Liao DF, et al. Involvement of LDL and
ox-LDL in cancer development and its therapeutical potential. Front Oncol. (2022)
12:803473. doi: 10.3389/fonc.2022.803473

Frontiers in Oncology

12

10.3389/fonc.2025.1524498

38. Bitorina AV, Oligschlaeger Y, Shiri-Sverdlov R, Theys J. Low profile high value
target: The role of OxLDL in cancer. Biochim Biophys Acta Mol Cell Biol Lipids. (2019)
1864:158518. doi: 10.1016/j.bbalip.2019.158518

39. Gao R, Liang JH, Man TS, Wang L, Zhu HY, Wu W, et al. Diabetes
mellitus predicts inferior survival in diffuse large B-cell lymphoma: a propensity
score-matched analysis. Cancer Manag Res. (2019) 11:2849-70. doi: 10.2147/
CMAR.S185319

40. Kristjanson M, Lambert P, Decker KM, Bruin S, Tingey E, Skrabek P. Steroid-
induced hyperglycemia and its effect on outcomes of R-CHOP chemotherapy for
diffuse large B-cell lymphoma. Curr Oncol. (2023) 30:10142-51. doi: 10.3390/
curroncol30120738

41. Szmit S, Dlugosz-Danecka M, Drozd-Sokolowska J, Joks M, Szeremet A,
Jurczyszyn A, et al. Higher mortality in patients with diffuse large B-cell lymphoma
pre-existing arterial hypertension-real world data of the polish lymphoma research
group. Heart Lung Circ. (2024) 33:675-83. doi: 10.1016/j.hlc.2024.03.003

frontiersin.org


https://doi.org/10.1016/j.tem.2018.10.004
https://doi.org/10.1074/jbc.RA120.014888
https://doi.org/10.1074/jbc.RA120.014888
https://doi.org/10.1038/s12276-023-01079-w
https://doi.org/10.1111/j.1742-4658.2012.08644.x
https://doi.org/10.3389/fonc.2022.803473
https://doi.org/10.1016/j.bbalip.2019.158518
https://doi.org/10.2147/CMAR.S185319
https://doi.org/10.2147/CMAR.S185319
https://doi.org/10.3390/curroncol30120738
https://doi.org/10.3390/curroncol30120738
https://doi.org/10.1016/j.hlc.2024.03.003
https://doi.org/10.3389/fonc.2025.1524498
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Association of dynamic changes in metabolic syndrome components with clinical outcomes in diffuse large B-cell lymphoma
	1 Introduction
	2 Materials and methods
	2.1 Patients
	2.2 Data collection
	2.3 Statistical analysis

	3 Results
	3.1 Patient characteristics
	3.2 Association between MetS components at baseline and DLBCL treatment response
	3.3 Associations between MetS components at baseline and prognosis of DLBCL
	3.4 Associations between MetS component trajectories and DLBCL treatment response
	3.5 Associations between MetS component trajectories and DLBCL prognosis

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


